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For your consideration:

Enclosed please find a review by Dr. Luna Leopold, a Member of
the National Academy of Sciences and former Chief and Senior
Research Hydrologist at the U.S. Geological Survey, of the
report "Analysis of the influence of water withdrawals on runoff
to the Delta-San Francisco Bay ecosystem (1921-83)" by M.
Rozengurt, M. Herz and 8. Feld. :

This report was presented by Dr. Rezengurt on July 13, 1987 at
the D-1415 Hearings of the State Water Resources Control Board in
Sacramento. It was funded by the San Francisco Foundation and
Buck Trust, presently the Marin Community Foundation. :

Sincerely,
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Administrative Secretary
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SACRAMENTO DELTA WATER SUPPLY AND REVIEW OF THE TIBURCON REPORT

Luna B. Leopold
Consulting Engineer

California must take heed of well documented expérience ip x

the Soviet Union where diversion of fresh water from thé natizal
supply to an estuary has résulted {nm imménseé économic 1losg and
the near destruction of an important estuvary. Regulation of the
Don River has resulted in an increase of salinity of the Azov Sea
by & mere 7 percemt and the résult was to reduce total fish
production from about 15 to I théusdnd tonnes annually. This has
been documented in detail by Volovik (1986) and reviewed in the
Tiburon report here being discussed.

The Tiburon report as it will here be called is a detdiled
study of the ‘Witer situation in the Secramento Delta. The
reference is: i

_RozZéngurt, M., Herz, H J., and Feld, S.,1987, Analxsis of
the - influence  of water withdrawals on runoff to the "Delta-

§anﬁr£nciseb Bay ‘ecosysten (192l;1983)“' Pavl F. Romberg Tiburon
Center for Environmental Studfeg, Tech. Rept. No - 87 7.

"This volumlnous study cannot be either rédd or ‘taken lightly
for it is ststistical, detailed and in" ‘many pls,es less than
clear. Nevertheless the more one studies it the more impressiveé
is the informe nal conteént. The- present réviey desls only with
the discussion snd data dealing ‘with annual flow dats whereas ‘the
Tiburon report analyses both annual ard monthly data,'

The present diSCnssion {s d@n attempt ‘to | bring ut thode
peints that seem most significant and to present EoMme reanslysis
to clarify and emphasize some of the important conc lisions,

duringutHEKplnﬁnln ’ nd construction staggs of water. .dev lopment.

omewhat " ’shortéut
dex” -is...a .data
base that includes runoff from only 75 1 of “total drainage
area. A “modified ' method" had prévioisly been -employed alsc
relecting less than ‘the full runoff. Flnally ‘@ compilation was
made that éstimated the runoff not only from thé major rivers but
included runoff from the foothill areas and is thought to
represent a good approximation of the full runoff volume of 1007
of the basin- area 'The Tiburon renort £hdws sthat the planning
done - “in the .ear years ‘based.on.these less.. than”“full runoff..

volumes‘ ‘have given .an - over-optimistic:'picture fef the ;watet
available for diverslon from the. Delta sxstem. ' IR

;‘j emphasis added



Then using the most uptodate data base that most
realistically decribes what water is really avallable, the report
introduces a statistical analysis of this water supply. Generally
this analysis 45 couched in the form of deviations above and
below the mean or average value of the runoff series, and
expressed among other ways as probability of occurrence. When

values of deviation from the mean are plotted as the probability

of being equa; fﬂ of exceeded, the differences in actual runoff
quantities  -amovig different data sets can be eliminated so that
the particulat length of the record becomes unimportant.

The method of analysis will be demonstrated below to help
explain and support the major conclusioms in the report. First,
however, :it would be desireable to summarize the major findings

of the study.

First, the 7zrole of fresh water runoff is of highest
importance;ein controlling salinity and the functioning of the
Thutrient trap"”, that zone of ap estuary where fresh water with
its load of sediment and nutrients interacts with the saline
water fYom ‘the ocean. This is the area richest, in plankton
productis ,nfwhere wany fish species thrive as juveniles X s&e pp.
1.3, 1. 6 and Fig, 1. 2) In the Delta aree, thie is. between
Chipps Island and Benicla, Reduction of fresh water reaching the
Bay has, made the saline zone move upstream and is thescause of
the historic increese in salinity. The loss of fish populations,
:3 well documente act, is related ‘to these complex changes.
Salinity An the Delta has increased in the present century from
an original value of .01- 2 .0 grams per. liter to a present value
of 1.0-14. The increase in salinity experinced in the Sea of
Azov of the Soviet Union was less than two-fold whereas the
increase in the Delta has been ten-fold. Even.with the modest
increese An the Saz of Azov the result has demonetably Been
disasterous . An thet country

Tiburon report shows that use of __an
set to describe the available water ‘has in

5 etages of “yater development

¥oTTUn nated: then prqbability of critically. Aary

condit ons in :thé’ estuary. ‘Further,” the use of" frequency " curve

analysis is necessary to evaluate properly the effect of the
elready operative water diversions that deplete the fresh water

supgly 80. essential to. the continued functioning of the

ecosystem. ‘

Third, the regort ShOWS what should be an obvious fact, that
continued diversion 6f the §ame magnitude ‘of fresh water in dry .

years as well as wet years makes a mich larger percentage, chaiige

in available watér in & diy _period thao ina wet ome. Yet there
is no attempt to adjust the amount of diversicn in résponse to6
the available supply.




Jourth, the amount of water diverted has continued _teo
increase with time despite the data on biplopic populations _and

Salinity that have given ample warning that even the present amount of

diversion is impacting the ecosystem .

Both to check quantitatively the results presented on annual
flows 1inm the Tiburon report, and to explain in new words its
findings, 1 have reanalysed some of the data., My results are in
qualitative agreement with those in the report though my numbers
are mnot as exact. One reasom for this is that I have generally
rounded the data to three significant figures, for my work was
done by hand whereas the Tibruron computations were made om &

computer.

Four sets of data were used in my analysis. They are a) the
list of annual flows representing natural, unimpaired inflows to
the delta; b) the regulated annual inflow to the Deltaj c¢)
the natural or unimpaired outflows from the Delta, and d) the
regilated or altered outflow annuel values. These tabulations of
basic data. are included as printed tables in this study. The
eunual mnatural inflow data are those representing the flow from
all or 1007 of the dreinape area as previously stated as being
necessary for & correct analysis.

The method of analysis 1s similar to that used in the
Iiburop rteport, The data array was retabulated in order of
magnitude of the values. For each the recurrence interval was
calculated as ntl/m where n is the number of years of record, and
m 1is the rank order of the value or runoff quantity., The
reciprocal of recurrence interval is the probability of
occurrence, that is m/n+l is the probability. For example, the
value of probability of 0.10, that is 10 chances out of 100,
means that in 100 years, 1t is probable that 10 years will
experience a flow less than the quantity specified,

To make this more specific consider Figure 1 of the present
study. Four graphs are plotted. They show the probability that
any value of annual flow will be equalled or exceeded, The four
graphs describe the annual natural inflow to the Delta, the
regulated inflow, the matural outflow, and the regulated outflow,

Consider first, the graph of natural inflow, plotted as the
symbol x. There is a 50 percent probability that the annual
natural Inflow will be equal to or less than 25,000,000 acre
feet. This 1is the median value of the array, that is half tha
annual values are larger and half smaller, The arithmetic mean is
somewhat larger, about 28.1 million. Now look at the value 25% on
the bottom scale. At a probability of 25% the annual runoff value
is about 37 million acre feet. This says that there is a 25%
chance, one in four, that the annual value of natural inflow will
be equal to or larger than 37 million. By the same token, the



upper scale says that there is a 75% chance, 3 out of 4, that the
annual value will be equal to or less than 37 million. In other
words 1t is less than likely that any given year will have as
large a flow as 37 million, -

Now Jlook at the 1lower part of the curve which is the
significant part from the standpeint of the estuarine
ecosystem. Where the lower scale reads 90, the graph reads 13
million acre feet. Thus 9 years out of 10 or %0 years out of 100
it is probable that the natural inflow would egqual or exceed 13
million. Or from the upper scale, 10 years out of 100 can be
expected to have a natural inflow less than 13 million,

The average mnatural inflow to the delta is about 28,1
million acrte feet. It should be obvious that this average value
has but little significance. Of interest is the year of short
supply and the frequency with which it might be expected. This is
the reason both the Tiburon report and the present analysis
concentrate on frequency curves,

Consider mnow the comparisom of the curves for the mnatural
inflow and the natural outflow to the Delta. In Fig., 1 the
former is the-crosses x, -and the latter is the.sclid-circle. The
twe curves are nearly identical, To the extent they are the same
the data show that under natural conditions water coming into the
Delta was nearly the same as that amount leaving the Delta.

At the scaele of this graph the amount of loss by seepage or
evapotranspiration cannot be seen.

But now consider the comparison of natural inflow to the
regulated inflow shown on the groph by open circles. Regulated
inflow is the water allowed to flow into the Delta after
diversion and after the construction of upstreem dams. Diversions
to southern California are the primary cause of depletion. The

average regulated or man-influenced inflow is about 22.8 million
acre feet. This is an average reduction of  28.1-22.8 or 5.3
million or 19 percent of the mnatural. Again this average
reduction 1is not very informative., Compare the curves on the
lower scale at 75 percent probability. The natural inflow
expected to be equalied or exceeded 75 percent of the time or 75
years out of 100 is about 18 million acre feet, But the regulated
flow will only produce 13 million, =& depletion of 5 millien out
of the naturally expected 18 million, a reduction of nearly 30
percent.

Now consider that low flow expected 10 percent of the years
OT once every ten years. At this frequency the natural inflow was
12 million acre feet. The expected regulated outflow once in ten
years ig only 7.5 million. At this frequency the depletion of
the flow into the Bay {s nearly 40 percent.



The above comparisons deal with the probability of
experiencing any given quantity and do not mean to apply to any
particular year. However, when one looks at the probability of
one in ten, it means that next year or any given year in the
future has a one in ten chance of experiencing an outflow to the
Bay of less than 7.5 million acre feet. Like tossing a coin, each
toes has the same chance of coming up heads.

Note &lso that the regulated outflow to the Bay is
considerably less tham the regulated inflow to the Delta. This
means that after regulation the losses or depletions within the
Delte have increased. Before regulation the losses within the
Delta were negligible as previously stated.

The Tiburon zeport wisely makes an Iimportant issue of the
number of dry and criticel years under natural as compared with

regulated conditions. To check and extend those findings I have
prepared Figure 2. I have used the same definitions of wet,
abnormal, subnormal, dry, critically dry, and drought as used by
the Dept. of Resources Bulletins 23-62 and 130-70s ( see Tiburom
report Table I-9 p I.45). I have added a category of very dry so
that all years may be described. The definitions are given in
Figure 2.

In my tables with the annual flows arranged im order of
magnitude it is easy to count the number of years in each
category. As Figure Z shows, regulation and diversion of water
have increased the number of years in the dry categories and
reduced the number of years in the wet categories. The Figure
refers to annual values of inflow to the Delta.

Years din which the inflow is considered wet have decreased
from natural conditions from 17 to 9, or from 30 percent of all
years to 15 percent of years,

Subnormal years have changed from 11 to 7 or from 19 percent
of all years to 12 percent.

The dmportant change is in the number of critically dry
years, an iIncrease from 8 to 23 in the period of record or from

14 percent of all years to 39 percent. Thus the amount of

diversion and depletion under present conditions has doubled the
number of years tonsidered critically dry.

“Further, the increase in depletion has been continuous over
time. A measure of depletion is the difference between natural
and regulated values of outflow from the Delta. The depletion by
periods of time is shown below.



Natural outflow less Regulated Outflow
average values in millieons of acre faet

Time Period Depletion
1921-1929 3.77
1930-1939 3.79
1940-1949 | 4.73
1950-1959 6.64
1960-1969 B.74
1570- 1979 10.94
1580-1982 12.70

In conclusion, my studies confirm the general conclusions in
the Tiburon report. The depletions have been massive and continue
to 1ncrease. They have greatly increased the percentage of years
of critical drought in the Delta and the Bay.

It _is my professional opiniom that mo set of standaxrds of
water quality can be written that can have the practical effect

of protecting the ecosystem from further degradatiom if
diversions increase over the present level. Because forecasts of
runoff are Iimperfect the effect of diversions in a year that
turns out to be dry will already have taken its toll on the
ecosystem before water quality measurements can compare the
condition with the standerds.

The lopical and 1n my opinifon the impervative step 1s to
preclude henceforth any additional diversions of water from the
Delta system.
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DAY A

YIEAR
2324
2425
2526
2627
2728
2829
2930
3031
3132
3233
3334
3435
3536
3637
3738
3839
3940
4041
4142
4243
4344
L4445
4546
4647
4748
4849
4950
5051
5152
5253
5354
5455
5556
5657
5758

5859.

5960

6001
6162
6203
0364
6465
6560
6607
6768
68069
6970
7071

F1LE

[#]
624
375
522
462
564
488
418
534
293
353
366
325
548
461
578
719
432
524
586
656
617
428
759
653

661 -

744
529
707
720
690
759
643
442
910
1280
990
540
520
400
2730
1050
690
1150
640
1240
810
1370
1060

~ RGINACF
N b
499 551
790 1083
597 824
1253  2B34
1397 1306
659 765
428 2422
596 618
418 1564
402 589
516 1030
B42 796
568 722
487 628
2461 6010
838 1129
428 726
767 3672
747 3758
986 1928
675 782
1022 1439
1235 4539
939 1326
820 1684
806 998
629 610
4162 7973
986 2860
768 2518
936 1038
939 1686
649 7362
1040 970
1280 1630
1010 980
500 520
770 1250
530 1030
1110 2170
1580 1530
990 6540
1540 1850
1210 3630
1100 1300
920 1670
1310 2840
1510 5170

SAN FRANCISCO BAY

REGULATED INFLOW TO THE DELTA

J

617
1088
738
2502
1543
802
2009
963
2157
882
2071
2677
3926
807
2462
1052
4016
7193
5524
5471
947
1292
4946
938
1586
899
1807
4749
6498
7076
1987
1729
11498
890
2590
1890
780
900
700
1360
1810
8240
20680
3670
1530
7720
11620
4080

ACREFLEET X 1000

F
1254
5632
4598
7180
2605
1384
1857

888
2330
934
1625
1675
7362
3304
10398
1098
5772
7616
8662
4422
1776
4405
1771
1555
827
941
2874
5086
5978
2165
3843
1013
5696
1330
9900
3090
2740
2330
3830
5380

1340

3230
1960
4700
2960
8B50
62060
2100

M
379

2587

1796
4822
5394
1147
3521
1058
2222

1612
1728

2888

4059
4835
11602
1636
B658
7731
3026
6948
2214
2454
2040
2125
1295
3667
2145
3294
5304
1637
3497
858
3950
3970
6670
1890
2220
1820
29840
1830
960
1840
1700
3480
2690
5850
35780
2220

A
622
3995
4052
4951
5165
1048
2127
493
2043
J463
1063
69060
3698
4236
7306°
1221
7371
6709
5117
4413
1233
2267
2408
1576
3577
2132
26872
1894
6275
1731
3389
731
2272
1340
89060
930
1220
1040
18490
6060
B20
3470
1400
4570
1000
4300
1020
2520

M

350
3475
1335
3392
2040
1254
1478

291
2981

1334
483

4179
2962
3811
7341

619
2945
5083
4447
2925
1702
20628
2572

778

3779
1832
2316
2270
6650
2321
1376
1218
3720
2210
4990

760
1050

840
1430
3530

930
2330

940
4840

g00
4300
10060
2000

J
113
1422
367
2219
605
677
736
133
2153
1278
240
22064
1869
1968
4963
221
1410
2927
3490
1727
761
1639
1086
546
2719
758
1480
886
4085
2071
509
604
2243
1330
3270
510
680
670
1060
1560
720
1410
610
3980
720
3130
880
1830

J

77

441
144
591
293
200
240

0
627
235

86
459
478
445
1589
99
333

1115

1068
433
246
634
484
318
676
441
529
556

1318
568
282
323
743
640

1190
670
660
660
700
870
740
900
740

1680
810

1280
910

1380

A
105
227
141
299
218
187
207

38
202
130

92
243
243
182
534
110
234
407
348
265
229
494
464
355
545
475
460
588
645
380
393
334
599
660
990G
760
620
720
770
780
780
g70
790
9060
860

1310
1000
1440

S
183
334
309
388
360
316
398
188
256
259
214
345
366
315
515
314
432
415
466
387
381
588
582
474
678
552
582
642
728
759
563
49]
B55
810

1120
700
600
600
790

1070
850

1050
700

1290
850

1494

12310

1560

ANI
55
214.
154°
308!
2141
89,
158¢
58t
1724
84"
95:
236!
268(
2147
557¢
91(
327°
442(
372:
305¢
115¢
192¢
228E
114¢
1884
1424
1674
328C
4205
2272
1607
1057
4002
1607
4456
1435
1222
1221
1641
28769
1313
3163
1611
3486
1603
4224
3322
2683



REGULATED

YEAR
7372
7273
1374
7475
7576
7677

7778

7879
7980
8081
8182

0
1190
1120
1210
1500
1520

580
290
1020
990
960
700

INFLOW CON'T,

N
1060
1570
3?70
1600
1610

360

430

980
1080
850
2340

D
1550
1900
4B6O
1890
1820

540
770
1000
1500
1220
5430

J
1470
6180
8570
1450
1140

670
4360
1850
7440
1270
6020

F
1490
5600
3590
3340

B70

490
3540
2540
7230
1560
5360

M
1600
4670
2650
4390
1020

440
5450
2560
6350
1970
5310

A
890
1610
6750
2470
840
370
3790
1290
2060
1200
8770

M
860
1270
2160
2260
740
490
28B40
1360
1700
990
4080

J J
B70 960
1090 1020
1760 1470
1830 1260
700 790
420 520
1220 1010
920 940
1460 1340
740 1030
2140 1540

/abiE | Com,

A
1000
1080
1600
1340

890

480
1130
1080
1060
1000
1560

5
1100
1150
1710
1420

830
420
1290
1010
1200
840
1890



HATEH

YEAK ol HOV prec Iht TeD HAR AR HAY JUil Jul ALG BZF  FOTAL
1831 43¢ 3000 4084 e619 4498 3462 1.2 4. 43212 N (1 H 437 335 3ez20
1922 s (11 1636 1487 a48d 3487 45465 7e8% 8494 £318 4813 314 J17eY
1923 a0 AL E] 3 a4l 1804 17104 41061 4128 22086 J065 301 abl 27102
1024 404 A ate 368 1310 546 1002 1006 352 340 110 199 [ 131 ]
1825 30 869 1148 1132 (141 3¢50 4491 4307 2104 F 3] 387 e 25702
192 b 454 708 210 424% 1979 R4k ] 2318 a7 Joz 234 320 1131}
ip27y 6% 7453 2414 4928 ana7 4506 [ 13K qanit 33es in7é 416 J2¢ 7439
1828 351 1843 1295 1704 1 7511 4519 3708 1181 809 an , 351 35112
1929 =73 »id 00 [34-] 134) RN 17100 3042 1462 43¢ 1p8 [3%] 11¢70
1930 211 247 2310 1042 ans EL Y 2508 7470 1841 497 850 147 15108
193] i 430 353 [-1:11 BA? 3307 11 1100 4§33 193 52 186 502
1932 263 Ly a0l Anze 2004 =94 0068 4582 nIe L] k1 23t v
1933 210 08 401} (A9 [ 2] 21398 2154 22%0 2605 Bed 234 204 11882
1934 7 302 1i0¢ 11460 1934 21a% 1709 1084 31 242 15% 188 11663
1533 245 $id e i 2012 2934 1859 53 3145 [}§1 343 842 ar2s2
194 34 357 321 L3741 18979 IS 576 4" 48 2544 843 337 248 29510
1837 260 FE k] 454 (334 L[3% 4875 4053 L.22 838 181 280 225 24274
1939 344 2000 €150 2454 pas} 11188 LU gén 8850 201¢ 132 461  S5plO
199 573 04s :E3) 048 841 2228 3499 1523 (11 N4 16 281 11308
1940 3710 Mk [ 3% 5182 Q147 [P} ] 5572 4285 2018 [ ¥1] :¥1} s 26028
1941 ¥90 624 4403 6132 7616 B710 4702 6170 2019 :ma €24 ats Q687
19042 464 6%1 4€98 (101 ¥ 7381 240 »p0G 8822 4742 —16%9 c-ghp ¢ 429 41111
1043 [¥3] 1232 2018 6152 066 b2-1447 A6 aoe? 2402 106) 1 498 i 389 35667
1944 417 L¥1} 559 [:2-1] 1910 5% 2135 1314 1004 807 } a3l atl 15938
1pel A50 1386 1704 124) -4 53 2836 3330 G244 2846 o1 , 418 293 25548
1946 667 b3-1311 [ 1. 3% a7 1631 26804 nn 121 1783 '3} ] » 370 305 27598
IF47 400 1071 1234 641 1925 3035 2405 715% 1M 589 260 aul 1
1948 652 51 469 2145 469 2029 5372 5141 A4S 928 93 313 22520
1949 L)1 ] 47 718 857 1116 4852 3151 124 1521 441 ane 46 171946
1850 L a1 411 2402 3287 2980 4366 4120 2240 [-13.) 334 zsa 22044
b3 E} 10186 (3001 8D%? apze 4314 a2 N 374 1654 £17 30 IDJ 37912
19%2 403 1068 463¢ 231 5019 53348 1470 861) 5117 2205 54 301 40107
1853 438 505 2614 7218 163% 2617 3165 dBI6 3100 1430 %26 437 28940

U -1 T ,_.-139 e BBY BT _3815__.__3103 4503 __ 54B2 L3806 1305 [ 3] 4b2 L1 25332
1955 16 836" 1658 113D 1442 2250 EETS 1948 123 Nz 200  16D1R
1956 LTIE €1% 17261B  A0926 2350 797 04 8557 e 1885 624 471 303192

. 1957 €24 L94 600 879 3339 4167 ¢80 4474 7625 T3 11 429 21514
1950 et L1h 19125 izn 11629 6YEL o9nn M 4096 1719 769 536 49320

L] L 52 i 3 L)@ rg 3
19¢0 1 ) 4 1 17815
1861 316 JEL 1559 1037 25080 2275 228} 2339 121 401 313 288 1534%
1962 LFF] TH TIT0 11 1344 3131 CELR LISE} 2653 113 A7 287 2400
1943 anve T4 2319 217 6101 2754 13p0 57179 2b82 1152 534 433  ¥5584
1964 L5 15313 935 2046 1154 12%0 a7 28353 1821 _s09 FE} )

1965 348 1008 11%¢3 BOCE 2195 FERM (130 [$1}) HEL] 1359 8l} 417 42272
ABEE 41¢9 1722 1323 260 72 2547 162 Firp ) L EL iy 08 295 __1%4%
1867 193 1562 3900 13 §-X] 3220 L¥ RN L9 TEE [$1H 2797 115 4%) ¢2785
3668 g 41 §60 2115 [ W1 31378 425 2322 1081 4§75 449 331319110
7 1969 474 3] X715 3130 1697 SoF wdi [ 441 4334 1302 L34 567 =it
! R0 60 3] 4231 144482 402 4118 4087 3043 2048 in $4) 362 36926
1971 au? x426  46EE Jveh 2140 4674 2500 4648 !6!1 ul? 461 33910

872 505 £93 1487 1521 2096E T RY) 2172 :5'15 1532 ﬁ ﬁg ; “E;i
1973 [X+¥] 1Ly ITEE [} 37358 - 411 i3 ]

L 1874 634 tue2 4918 148 e p417 11 1.} 5:95 sm s 846 4%% 49283

) iss 4ol 515 119 i1€) 4312 8338 3joa 4139 4626 1250 509 48T 306N

X . 7. S 94y ggi ! 2 [ 1054 3447 2420 1450 an 2 ] R 11047

11 316 11 7 7Y LEY 5y 5B Yo: 1241 i i 3

1578 Y 5;3 LELH T37, 7YY ks TFED L15] 0Dy 1_11! " ; FTE - dl¥E
H 2Ny 3l X ! 1;

1880 Ul ) ! " 35! .."""‘ !“g “!E ) i”

__118) 407 aas 102 20 2078 3088 254t 2230 180 s %sﬁsl
1982 (4} K362 1543 ——rm—‘mx_'“uu——uw-r—*z FU"'_SHS‘_‘TEU?»
i98) 1437 2677 5522 £735 $i45 15890 (¥4 2728 219 3578 uus 866 72048

BUM M 707273 154357 220624 25025} 285057 FSICRE 287071 1E6U4E? 83133 27322 22514 17M0EARD
AVE 49 112} 24380 302 3872 4048 4186 4239 261 #10 aM 38T 20289

S8

rt

Ve

ST 8

I3 Ke)

DUR DOP ETATERIDE PLRNNING BRANCH

L

ht f‘Wr syxi $ins oned e ¥y 19772689 ?/I%gn//f?;p my fffw""'pm
19’53" 18651916 1958 1082 497 205

Ti68 111D

‘

i R il o iy i gy S s
" ) it

- '



DATA FI1LE
YEAR 0

2122 384

2223 468
2324 500
2425 301
2526 388
2627 371

2728 508
2829 349
2930 289
3031 438
3132 . 170
3233 217
3334 290
3435 207
3536 459
3637 356
3738 469
3839 629
3940 326
4041 4160
4142 488
4243 539
4344 490
4445 341
4546 713
4647 526
4748 604
4849 608
4950 379
5051 635
5152 591

5253 575
5354 610
5455 531

5556 334
5657 763
5758 1127
5859 769
5960 318
6061 279
6162 230
6263 2697
0364 829
6405 475
6566 BIE8
6607 3496
6768 1002

GBGY

330

- RGFLACF -~ REGULATED OUTFLOW FROM

N
512
897
439
769
570

2236
1452
711
322
535
386
309
411
B50
489
383
2041
BO4
326
685
6388
1030
595
1072
1176
042
736
674
561
4324
953
759
B8O
953
601
931
1155
B74
355
708
488
971
1572
034
1543
1308

990

630

D
1506
3358

538
1167
836
2272
135¢6
856
2297
533
1744
577
1100
808
709
666
5508
1076
663
4014
3854
1950
747
1474
4753
1318
607
956
591
8293
3101
2571
966
1773
8049
880
1628
907
451
1172
966
2135
1437
6707
18493
3636
1212
1542

J
1649
2646

716
1115
1083
2801
1716

873
2151
1055
2158
1007
2014
2897
3971

900
2635
1070
4317
7412
5754
5692

979
1268
4948

970
1547

911
1945
4973
6882
7184
1986
1925

11896

913
2766
1967

826

944

658
1442
1857
8370
2714
3750
1548
7620

SAN

ACREFEET X 1000

F
4226
1660
1431
6872
4358
4911
2539
1482
1931

918
2548

927
1769
1699
7888
3710
9296
1134
6068
7832
3823
4486
1972
4629
1783
1588

B20

959
3102
5112
6048
2158
4014
1053
5940
1383

10301

3230
2824
2284
4152
5448
1212
3147
1948
48006
3018
9340

FRANCISCO BAY

M
3380
1501

581
2350
1665
8540
4524
1297
3570
1058
2183
1647
1683
3106
3992
5211

11918
1687
8685
7901
3086
7196
2229
2584
2072
2182
1387
3856
2219
3367
5628
1701
3672

860
3987
3890
6894
1729
2087
1717
2856
1820

B10O
1699
1509
3342
2382
5520

A
3909
3576

584
4245
3795
5465
3989
1153
2088

424
1982
1387
1005

7015,

3687
4263
7328
1151
7352
5830
3247
4405
1256
2197
2353
1499
3591
2038
2742
1817
6186
1853
3459
780
2407
1157
9231
645
988
785
1627
6110
531
3415
1127
4512
582
4150

THE

M
5242
2562

247
3331
1289
3311
1955
1154
1394

231
2893
1259

391
4052
2909
3708
6918

518

2859

5011
43098
2831
1635
2535
2494

669
3752
1700
2206
2166
6520
2280
1820
1191
3674
2049
4964

454

758

5306
1105
3262

589
2009

604
4434

402
3860

DELTA

J .
3761
1332

000
1353
210
2082
444
565
583
000
1992
1118

92
2110
1730
1805
4800

54
1248
2762
3329
1568

603
1479
920
384
2545
582
1278
670
3941
1980
376
437
2139
944
3033
102
252
231
639
1159
328
990
170
30672
216
2780

J
791
413

0000
213
000
359

000
22
0000
399

0000
234
256
220

1360

0000
107
882
833
199

404
253

75
427
158
265
274
1081
344

59
109
533
141
732
149
132

96
166
343
186
. 352
195
1440
222
780G

A
110
70
0000
11
000
85

000

0000
00
000
0000
35
31
000
322
0000
- 18
189
130
49
15
279
250
131
319
223
230
316
423
188
179
139
4310
205
547
297
143
221
284
288
271
492
273
582
3112
744

S
240
290

29
185
166
238
210
174
260

40
110
112

78
197
230
163
375
171
280
263
314
235
231
438
430
315
518
383
435
442
587
576
437
351
703
527
832
525
305
305
486
722
526
746
390
990
360

1308

AN
258
187
47
21¢
144
326
214
85
149
48
165
84
85
232
258
212
529
80
322
441
369
301
107
187
221
105
168
130
159
323
418
221
184
101
406
137
431
116
94
93
137,
264
101
293,
132¢
329;
1261
3806



REGULATED
YEAR 0

6970 1170
7071 810
7172 840
7273 708
7374 B46
7475 1146
7576 B16
7677 232
7778 128
7879 592
7980 481
BOB1 453
8182 321

OUTFLOW CON'T.

N
1200
1662

B34
1554

3600

1404

972
216
238
650
725
374
2139

D
2740
5022
1440
1626
4590
1686
1206

259
522
540

1170
767

5113

J

11280
3828
1278
6108
B244
1105
600
268
4069
1877
7270
1118
6015

P\
6534
2040
1314
6126
3510
2545

414

272
3119
2574
7005
1247
4937

M
3300
1890
1092
4510
45]2
3056

438

188
5260
2342
6099
1817
4937

A
660
2208
456
1302
6450
1760
456
182
3646
B62
1708
694

"B361

7able

M J J
648 372 318
1596 1272 708
324 186 3B4
714 438 288
1536 1026 570
1611 1298 616
252 252 264
248 149 195
2573 541 244
B26 317 331
1286 885 688
561 274 326
3555 1690 1030

A
474
786
396
366
774
478
234
149
353
214
262
194
820

S Ccoen7 A

S
876
1188
648
678
1266
737
174
172
725
301
589
280
1540

2¢
2:

24
3¢
17

21
11
3C

3¢



/75”’:»:4( Mf/i.q wiladid w{tefw

o A ai: L MV&MMJ Acyy fuef”
! 2 2
Hlatuesl frgulahs
wm/ ,M/Aw :fnfww C)c("
ar W (2 |
AF 16 et %
y /921 | 3eLPL
2 2% | 22 64932
3 23 | 23 54Y
. 2y fzez| S5y
5 2F | 2¢ E | 21494
6 26 |18 ¥as| 4T3
; 17 | Fe ¥Y2| lo 248
8 28 [2¢ T¥) | TiHge
o 24 | 12295 £917
10 2e 2e 3o¥ | /58yl
n o 3 2l | sfou
12 i ay0Z) 17 Z¥i
13 3 CRLK; g1
39 | 1aes2| 953
15 Y | 28354 | 23453
16 S Jo 228 2¢ fat
7 37 125418 | 2:479
838 | S6 £29] 551
o 39 12759 Gt
20 He | 344v] 32357
21 H; Yo SHe| Yy 209
2 Y2 yroeH| 37234
22 MY 36 3T Beyi
2 MY (105 | n5e3
s MY |7, 533 | 14240
26 A 2p Ll | 2288¢
o7 41 | iv2eq | nnMed
28 HE | 23708 | 19 Y7
26 G | 14087 | 1y24y
30 se 2y ie] |76 793
(1) Toble Zyo p. Z4L  Tibwem nopet L3 &f2¢ fey

(¥

Table | Jh e Lad




;'f4fr.u'ﬁ{ ] ,L:j.-u/.‘ﬂf wjﬂv—l..f ! "'%0 ﬁ}fua/

Aadfr
4 T. =
woier |71t | el Dy
an m/hw '"/""" Cel 2 =
# Ak 10=3 ot 3
L /4857 1 3p e | 32 ¥eT
2 L2 | qp 775 4re3}
3 £3 1% oy | 2TIHH
4 STy 26530 | 14p12
5 5 a7/ | teSTY
6 YA S74844 Yo 629
£7 122680} oY
8 S& [roodey | uystd
o g4 |srgar| qusse
w  eo |tar3/ | 1rrrme
1 . /62t | \2UY
12 b | Zs 720 | L 49
13 bz 1 7¢s55e | 20141
14 Ly LS 2] 13134
15 6 wW3r23" | 3¢ 3Y
16 bd 2o 7e4| 16114
17 47 | 43537 | Fudt)
18 34 2e3 /) 14 632
o de [S2137] vurw
20/470 |3745¢ | 33124
21 7 Jy 08| 24870
s 72 19 59) | 14831
2a 72 2y 6ot | 2% Ha¢é
24 7Y So 232 Ho 1)}
s 70 121737 | 24 73
6 16 | Nbey | 129¥4
27 71 A 5s49%7
28 78 Hé PHl 16700
29 74 th {72
p - ¥ 335TL
9 B L4L7
& HY 3y
G Xils S PALY ¢4/

21913




Lelia

(L (Hlpﬂf}"dgf Tetnd ﬁuﬁffv

‘/r [ o] 7'65—'4-& 2.

s prenot MMMM

ot from Toble 3

Hlatos ad ot
Geor | oo w L o
i, Cef T - M‘“
A ale Col 3
aatadl
y /921 3761
, 2 36,76 |2¢.8% S.v€
3 3 22,60 | £ 77 | 2.83
s 24 6.9 4,73 2.19
s ZVr L5t | 21,9 1.779 .17
Y AT EREY '
727 7.4 | 3247 4.7
8 2¥ 25,747 2149 3,60
o 24 67| pS& 3.09
0 3o 19.72] 4.9 | 4.1
T 7,50 4.p1 2:67
2 32 22, 98 1e5¢ | ouz
3 3% 12,89  £449 LN
4 3% 1. 67 & 58 308 ) . -a
s I 27-291 7. 11 qov| '
6 34 2451 | 2698 FRAA
7 37 g2l 21,147 3.03%
s 38 soofl | 52,971 2,84
e 3G NIRE & 00 3.4y
2 Mo | .02 ]| 3225 | 399
21 {94 45 6y | y4. 2o ry
22 9T | 4bL | 3.9 day
23 47 | 3567 30. 16 53
2o M| g9 | 0Te | e | 1)
05 i | agss| 1870| ey |
26 He 1-1.60 2o T 4L
27 Y 14.91 | 10,bo 4,37
2 vE |22 ¢ | Sen
25 89 | 119 | 305 Y40
30 19450 | 12.04 15y 7 L.09

Lm_ Phy | 1

bt




¢

| Mww;( (W, MEW a-«_ﬂf{w fi;—m

L datts.
oo Tt
Hadwr SR
arast (7asng) | 427 !
F 248 t 3
1\ 2957 3791 | 3239 | §i52
2 Sz | 4.1 Hi gt X
3 ATy 2694 | 2747 (.77
4 N 5.5} 120 27 | .
5 Ly M, B ne ©a9t AL
6 3 5o.39 Ha. ¢, .7 %
7 51 2. 8 13,72 .92
A H& H449.5% |- <91 LY
o {9 1,7l 65| = o
w o | g7 | a8 | gy
T 153 .39 | .6
12 61 1.0l 13- T g, 2%

i 6% | 3058 | 2448 G,17%
6% [ asur] yeas | raq | 994
15 bY 42.17 | 297 12,43 '

16 Gh 19.5o 1326 L2y
17 6 qralop 32.97 G.1¢

18 by 19,41 | 12:68 L.yl
19 b4 Sl 3t 12 8
o i 3.4 264,70 1A
a3zl 9301 | 949 -
22 S 1g. 9.9 .1y
23 ? 31370 | qunNY 4,14
24 | yg2¥ | LAt 1,30
25 5| 20-Y¥ YR TR YCL
26 | 2023 08 iyzrel

27 A 5. 50 2.5% .41

28 18 - 48 2!-'.”- 1o 5L

29 9 2 M .59 (0,34

30 gol Yar?{ v0.05 | full




mew N bdinwpl (rvu’f‘f-ﬂ‘-’ ﬁ'ﬂ'*\ st fo

e
Viaduwe) ﬁwu»ﬂ D e
por | et wdies | S gt
cAs
) ) e | bople | 279 | 2.0
;82 | srn | zeq [ 810
3 23 T12.04
4
5 Ourt 1819
b
7
B
9
10
11
12
13
14
15
16
17
18
19
20
2}
22
23
24
25
26
27
28
29

a0




tlatewed e m»ynma:f 'Mj-fvw' K elod fo

(ST _erenn)
Ar N4l f’“’b' AF A4 F(ﬁ-.
A w A v
ALD ‘e"-f;
rawhd n‘mM

1S5 SEo0 | 0o!7 281 .
2 rz.) 29.0 o3 2 Y0 HEL ' SX 2
a Sho 13 L, o5 237
4 L2 /S | 067 233 | 7,74 , s&
5 Sb.b 2 6 , 6 2%}
6 4fE 7.7 o2 | 2T | b | L du
7 48, ¥ L2 22/ 207
g MG b 7.2 38 | 263 /52 st
s _ 43.f CoY IS5 207
10 Y3 5d 72 95 | gy b Go
11 Y2.0 19,1 1
12 28,4 v.F r 207 190 | /32 72y
13 384 PR
14 _28M oty 2 i1.9 /3 AL
15 37,9 . 1.
16 3WE | 3.¢2 .27 7.1 X3 742
17 3.4 b
18 a6 3.1 v 310 TR X R
19 3 _ IL.IL
20 BT Z.90 L Bys N 7 LT
21 3N 12.6
22 Boid] 2:63 . 279 12.4 1ol L7
23 3a,) 12.7
24 284 2,41 ey INA /.07 .93
25 28 % ey
26 7| LT3 Y f2 oYy i
27 26§ 6.7 1ol Qe 3
28 _ 208 | 2,07 43
29 2t
30 25 1973 P ST




/éawq oS loflews i cad/a

STg pnp,
v

/‘1/:“‘ n+l prebabil| Ar ntte | prob,

X/0 m #“3-(. V¥

pFanked € ran ke d. Rt -

(qr8) (4yrs)

1S58 =) ,ol7 1 9.7 1,43 S
253 | 30 |, 033 18,8 .87 .53
3 WYl 20 P50 172 L2 N
LA L oL 6.7 117 ST
e H2.2| 12 o3 /b7 1477) ,$8
g 2.0 /0 1200 16.4 Fabl L bo
7 e, &b V47 16,7 {62 Vb
g He.0 et /33 2./ (.58 b3
s 37.1 ¢.7 ISe | Mo T LBy
0 344 | d.e NAY; AT 4 [.So b7 )
n_ _>3.¢4 M w183 AN pdl e €
12 33.%| 5ie | 20 /4.y 13 0
13 228 &b ‘11 /Y2 1o-lo 1L
14 329 w3 ‘T3 /Y. 136 Rk
15 3/.4 Y o 2§ /3.7 X Byt
s 2.9 | 37 ' L7 (7 o | a7
7 204 | 3.853] 28 12.8 28 €
8 288 3,33 ¢ Jo 122 n ¢ K
9 28,y 3.ie 3 1 1] W8
20 Z{. 8 joo B th b 1o g3
21 26.2 2,306 A T T ey
22 26,7 1 233 37 J o tay 87
23 pU. g | 2,60 v 34 gy 113 e
28 23,7 2,50 Ho by tal VG0
25 272.9 2.40 W G4 L Lar
6 271 2.3 ‘Y3 3.4 teo .Q3
27 Ehy (A MY ] g vy Ly qy
28 2hi [ M j_:é’ .03 .41
29 204 .07 ¥ L ). oL 44
A A 180 50 '

LAL -*"/26'/;"7




ladurpd. MMM a*v.éff.ur 'j.j'rw-..

Al o ¢ 3 yad.
AFE x nt! prebat AF 4+t onﬁo-b’ hF
/o m R v
ol, ¥ pp~ b

| rankd ®
y TZeo ¢¥ | ek LSy | 286 | JHRH] 1.5
2 %173 3z , o3 25,3 2.0 Seo 6.9
3 SS¥ 263 | o447 251) 4% it [xty
a_ Sy | 6 263 24,3 LWPE ! o3

SoY /2 i o 7E 240 .3 , 541
6 H4.T 10 ¥ | 054 22.1 1 TE X
7 44.3 ./ 107 22,4 g | yé
B H&) g | ey 228 | nep | SAY
s UL 7.1 Loy 12,9 feq | .bod
w447 o WAL 2409 (Lo A
n_qv? | ne | 72 UL SR B
12 e Si3 PP 203 | pi52 | Lyt
i3 dnd 4, o 203 1.5 | .49 AT
14 Hout A 216 19,41 LY | LeT
5 209 & 3 23y (4.1 4z 032
163 g0 285D t€3 | g 314
17 3TN 3.& 260 17,49 36 | 234
18 %36.9 YA . 2.8 (1.4 1,33 NP -
10 B v X, 247 V7. "jl (166
o 287 7,2 , 312 1.7 | 12§ V181
21 356 30 | 3t& 1.0 1y 197
PYS b Iy | 2.491 LYY 1 9 L3 , ¢l
g 39 (/D i (5 6 2! 528
P15 4 2.47 | 317 13 Y L (Y
307 | ¢S | 391 IV | hie | L,8¥9
2 EUT | 2y0 | ol RENEIE B8
.7 244 2.3 Y1t (2.4 TR ¥4 )
g 2T 0L 2.9 437 e l.0o Gob
P 2.1} L He? 17 1o a1
0 1AL 13 He .S | et 431




yy A lond ot fders

;ﬂ}m deotton ((T7atAe 3}1

7 (5S4 Gapn?/

A art | opreb. | AF | at! | pygh,

rrpl v ot w

banited g&nu
| _S20 | ¢o 017 TaS LaH | s
2 942 | e LOJ32 1y 1,87 532
3 43,4 20 ,o 5o "H.@ 1,62 | ,fSa
a Mo | tre | 07 | 1t.l AN
s 38,6 | s2.0| 003 | yoa | L1 | ,ve3
6 _38.1 te.0 | oe 1009 Lo T , boo
7___36.9 Fx7 | 7 1N l.6 2 LGt
8 34.9 75 /32 13.¥ [ F L6332
9 22.9 .7 S SO 13,4 Ly WSO
10 %1,7 Lo |, 187 )3 t5o y G b7
n_ M| s.ysl 83 {30 /e ;623
12 32| Lo 200 124 HeT 7o
13__ 38 4.6t | 211 i 134 (ki
14 P60 Jorg| ,233 s /. 2¢ , 7332
15 290 | Hies 280 | /08 /33 7Se
16 49,3 ] 27¢ 267 6.4 /3o 767
1726 | 372 L2883 | sed (28 | 783
s 34 | 31373 1300 | 20,1 ks Fso
9 25 % | 244 37 9.4 nre | (87
20 2MM4 | 300 ' 332 7.3 /2o | ¥23
21 Z23.L 2. ¥4 .30 4,2 IINE &I
22 2%a | 2.13 V307 | 24 rt |8
23222 | Z.Le 383 L.l /(3 ,FEZ
24 27200 2.5 R L8 £itd 1 Ge o0
25 249 | z2do | o7 1} /04 g7
26 2hLY 2.3 433 &.9 LAt 933
22 204 2,121 y YUl e &l -3 L9y e
g 2L 204 M7 | 4.8 /o3 G467
20 18:d | 2.00 M P3| W1 oz | 4¢3
3o &7 2,006 i Soeo




